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B CTaTte cpaBHHBaioTCH pe3yjiBTaTBi aHajnm napa3HTOJiornHecKnx jjaHHBix pa3HBiMH 

MeTO^aMH BBMBJieHHfl CTpyKTyptl BpeMeHHBIX pflflOB - aBTOKOppeJIJmHOHHBIH aHaJIH3, 

cneKTpajitHtiH aHajiH3 (OypBe) u CHHryjuipHBiH cneKTpajiBHBin aHajiH3 (CCA). B KanecT- 
se npHMepa ncnojiB30BaHBi MaTepnajiBi 10-JieTHero MOHHTopuHra 3a H3MeHeHneM 3apa- 
aceHHocTH JiHTopajiBHBix mojijiiockob Bejioro Mopa Hydrobia ventrosa napTeHHTaMH Tpe- 
MaToji Ciyptocotyle concavum u Bunocotyleprogenetica . HanjiyHiime pe3yjiBT3TBi noKa3a- 
jio npHMeHemie CCA, b to BpeMfl KaK aBTOKoppejnmHOHHBiH aHajiH3 He bbiabhji 
KaKHX-JIH6o flOCTOBepHBIX 3aKOHOMepHOCTeib 


MHorojieTHHe ^aHHbie no 3apaHceHHOCTn xo3«eB napa3HTaMn HepeziKO ho- 
cht cjio^CHbin jx jib aHanH3a xapaKTep. CfiOHCTBeHHoe napa3HTaM arpernpoBaH- 
Hoe pacnpe^ejieHne oSycjiOBJiHBaeT BbicoKyio ^ncnepcnio BpeMeHHoro p*ma. 
KpoMe toto, arpernpoBaHHoe pacnpe^eneHne MO^ceT npHBO^HTb k 3HanHTeJib- 
hwm KOJieGaHHHM aMnjiHTy^bi nepno^HHecKnx cocTaBJunomHx pjma. Bjihhhhc 
npperyjmpHbix (JmKTopoB, TaKnx KaK, HanpnMep, noro^Hbie ycjiOBnn, MoaceT 
Bbi3biBaTb BapbnpoBaHne He TOJibKO aMnjiHTy^Hbix, ho h nacTOTHbix xapaKTe- 
Phcthk nepHO^HnecKHx cocTaBJiaiomHx (BapbHpOBaHHe nepHO^a KOJieGaHHft). 
KpOMe toto, c6op MaTepnana nepe3 (JmKCHpoBaHHbie BpeMeHHbie OTpe3KH mo- 
HceT 0Ka3aTbCH HeBbinojiHHMbiM ycjiOBHeM. HaKOHeu,, ^jiHHa aHanH3HpyeMbix 
BpeMeHHbix pjmoB oGmhho OTHOCHTejibHO HeBejiHKa h pe^KO npeBbimaeT 
30—40 3HaneHHH. 

Bbi^ejieHHe ^ocTOBepHoro TpeH^a no,zjo 6 Hbix pa^OB npH noMonjH per- 
peccHOHHoro aHanH 3 a npoGjieiviaTHHHO, nocKOJibKy noziGop a^eKBaTHOH MO^e- 
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JIH TpeH^a A™ KOpOTKHX pAAOB C BbICOKOH AHCnepCHeil MO)KeT 6bITb HeBblllOJl- 
hhmoh 3aAanen. B to )Ke BpeMji 3HaHne moa^jih TpeHAa — Heo6xoAHMoe ycjio- 
BHe npH Hcnojib30BaHHH MeTO^a HanMeHbmnx KBaApaTOB. C Apyroii ctopohm, 
BbiAeneHHe nepHOAnnecKHx cocTaBJimomux a™ takhx paaob npn noMomH 
cneKTpajibHoro (AHCKpeTHoe npeo6pa30BaHne Oypbe) jih6o aBTOKOppejnmn- 
ohhoto aHajiH3a, TaK^ce npo6jieMaTHHHO BCJieACTBue BapbHpOBaHna nepnoAa n 
aMnjiHTyAbi umcjinnecKon coeraBJiaiomeH, Majion ajihhm pflAa, a TaK^ce bo3- 
MOJKHOH HepaBHOMepHOCTH BpeMeHHbIX OTpe3KOB Me>KAy Ha6jlK)AeHraMH. 

Hcnojib30BaHHe MeTOAa CHHryjrapHoro cneKTpajibHoro aHajiraa (CCA) 
(Broomhead, King, 1986) npeAOCTaBJiaeT B03M0)KH0CTb OAHOBpeMeHHoro bm- 
ACJichhji TpeHAa n KOMnjieKca (KBa3n)nepnoAHHecKnx cocTaBJunoinnx H3 CTOJib 
cjiojkhmx a™ aHanH3a hhbimh MeTOAaMH BpeMeHHbix paaob. KpOMe toto, 
CCA no3BOJiaeT onpeAejiHTb bkjiba KajKAon cocTaBJunomen b AHcnepcmo aHa- 
jiH3HpyeMoro pAAa. CCA He TpeGyeT CTan,noHapHOCTH pAAa, 3HaHH>i moa^jih 
TpeHAa, CBeAeHHH o HajiHnnn h xapaKTepe nepHOAnnecKHx cocTaBjnnomnx h 
npHTOACH A™ aHaJlH3a KOpOTKHX p^AOB. npH 3T0M HHACKCbl 3HaneHHH aHajiH- 
3HpyeMoro pflAa MoryT 6biTb HHTepnpeTHpOBaHbi He tojibko KaK AHCKpeTHbie 
MOMeHTbl BpeMeHH, HO H KaK HeKOTOpbie MeTKH, HMetOLUiHe JlHHeHHO-ynOp5IAO- 
neHHyK) CTpyKTypy. 

BbimeonHcaHHbie CBOHCTBa CCA npHBenH k ero niHpOKOMy Hcnojib 30 Ba- 
HHK) B KJlHMaTOJlOTHH, TeO(J)H3HKe, MeTeOpOJlOTHH H OKOHOMeTpHKe. I10Apo6- 
Hoe onHcaHHe MeTOAa CCA coAepacnTca b MOHorpatJmn H. 3. Toji^hahhoh 
hap* (Golyandina etal., 2001). CCA no cyra ABJiaeTCa aAanTaunen MeTOAa 
rnaBHbix KOMnoHeHT a^ aHanH3a OAHOMepHbix AaHHbix — BpeMeHHoro p^Aa. 
MaTeMaTHnecKOH ochoboh o6ohx mctoaob (CCA h KOMnoHeHTHoro aHanroa) 
cjiy)KHT CHHryjiMpHoe pa3Ji05KeHne npflMoyrojibHon MaTpnubi. IIo-BHAHMOMy, 
BnepBbie b Ghojtothh hach, jiejKamne b ocHOBe CCA, Gbijih Hcnonb30BaHbi rjik 
aHanH3a BpeMeHHbix pjiaob hhcjichhocth nnaHKTOHa KonSpyKOM (Colebrook, 
1978) — Ha 8 neT paHbiue, neM CCA 6biJi npeAJicnKeH jxjm aHanraa cnraajiOB b 
(|)H 3HKe BpyMxeAOM h Khhtom (Broomhead, King, 1986). K coacajieHHio, b 
6hojiothh otot noAxoA He nonyHHJi uiHpOKoro pacnpocTpaHeHmi. K HacToame- 
My BpeMeHH ony6jiHKOBaHO MeHee 10 pa6oT, Hcnojib3yioinHx Te hjih HHbie mo- 
AH(J)HKauHH 3 toto MeTOAa (Colebrook, 1978; Ibanez, Dauvin, 1988; HayMOB, 
2006, 2007; HayMOB hap«, 2009; XanaMaH, HayMOB, 2009; Levakin etal., 
2012 ). 

B HacTOflineh CTaTbe mbi npeAnpnHJuin nonbiTKy cpaBHHTb pe3yjibTaTbi aHa- 
jiH3a peajibHbix napa3HTOJiorHHecKHx AaHHbix c Hcnonb30BaHHeM pa3Hbix Me- 

TOAOB BbDIBJieHH^ CTpyKTypbl BpeMeHHbix p^AOB - aBTOKOppeJUIUHOHHOrO 

aHanH3a, cneKTpajibHoro aHajin3a (CA), ocHOBaHHoro Ha AHCKpeTHOM npeo6- 
pa30BaHHH Oypbe, n CCA. 


KPATKOE OIIHCAHHE HCII0JIb30BAHHLIX METOAOB 

npn BbinoJiHeHHH aBTOKoppejnmnoHHoro aHaJiH3a paccnnTbiBaioT ko3(J)(J)h- 
uneHTbi aBTOKOppejumHH npn pa3JinnHbix CABnrax (jiarax) h oueHHBaiOT nx 
AOCTOBepHOCTb. MaKCHMajibHbie AOCTOBepHbie KOOtJxJmuHeHTbi npH otom coot- 
BeTCTByiOT nepnoAaM KOJie6aHnn, coAepacamnxc^i b aHajiH3HpyeMOM (Jla- 
khh, 1990). 
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npH npoee^eHHH CA BpeMeHHoii pan x ajihhm N npeACTaBJiaiOT b BH^e 
cyMMbi N f 2 rapMOHHnecKHx KOJieSaHHii; x t = >;vln tf, cos(X;0 + 6/ sin(A,,z)), 
r^e Xj = 2nj / A, a a f h b f — K03<])<])HUHeHTbi nponopuHOHajibHOCTH. BKJiaA icaac- 
Aoii rapMOHHKH (w,) b ^ncnepcmo aHajiH3HpyeMoro pwa paccnHTbiBaiOT KaK 
cyMMy KBaApaTOB K03(J)(J)HUHeHT0B (h\ = a) +bj). IlocKOJibKy Ha6op rapMOHHK 
onpe^ejiaeTCJi tojibko ajihhoh hcxoahoto pAAa, pe3yjibTaTOM CA cuyacHT Ha- 
Sop K03(J)(J)HUHeHT0B (a, H bj , 1 < / < N'2). F[OA06HbIM o6pa30M MO^CeT 6bITb 
pa3Jio^ceH TOJibKO CTauHOHapHbiii pflA, noaTOMy aHajironpyeMbifi p jia npHBOAflT 

npe^BapHTeubHO k CTauHOHapHOMy BHAy (Bloomfield, 2000). 

CCA coctoht H3 4 maroB: BJio^ceHHe, CHHryjiapHoe pa3JioaceHHe, rpynnH- 
pOBKa h OTaroHaubHoe ycpe^HeHne (Eisner, Tsonis, 1996; Golyandina etal., 
2001; roji^H^HHa, 2004). 

Bjio^ceHHe. npH npOBe^eHHH CCA hcxoahoto p*ma x — CTOJiSua H3 N Ha- 
Smo^eHHH (xi,...,x 2 ,..., x v ) HCcne^OBaTenb Bbi6HpaeT Jiar (AJiHHy OKHa) 
L (l <L<N) h npeo6pa3yeT pflA (BeKTOp) x b MaTpHuy Y Lx a: (K = N-L + 1). 
MaTpHua Y cocTaBJieHa H3 CTOJi6uoB-<j)parMeHTOB hcxoahoto pflAa x ajih- 
hoh L , KaacAbiii (J)parMeHT HannHaeTca c 3JieMeHTa p^Aa x, HOMep KOTOporo co- 
OTBeTCTByeT HOMepy CTOJiSua MaTpHUbi Y iy UJ = x i ,_]). B HacTOfliueii pa6oTe 
npH AJmHe BpeMeHHoro p^Aa N = 45 (HHxce), hcxoaa H3 cymecTByioiuHx peKO- 
MeHAauHH (L ~ N'2 — Golyandina et al., 2001), Mbi BbiSpajiH Jiar L = 22. 

CHHryjiflpHoe pa3JioaceHHe. nojiyneHHyio MaTpHuy Y noAsepraiOT CHHiy- 
™pHOMy pa3Jio^ceHHK) (Y = UxZxV T , rAe 2 — AnaroHajibHaa MaTpnua, co- 
Aep}Kam;a^ CHHryjiapHbie nncjia MaTpHUbi Y b nopflAKe y6biBaHHfl, U h V -— 
MaTpHUbi COOTBeTCTByiOmHX 3THM HHCJtaM JieBbIX H npaBbIX CHHTyJIflpHblX BeK- 

TOpOB, a T - CHMBOJ1 TpaHCnOHHpOBaHHfl). CoOTBeTCTByiOLUHe Apyr Apyry 

CHHryji^pHbie BeKTOpa (u, h v 2 ) h 3HaneHH^ (g 2 ) Ha3biBaiOT /-toh coSctbchhoh 
T pOHKOH MaTpHUbi Y. 

rpynnHpoBKa. CoScTBeHHbie TpoiiKH / h j rpynnHpyiOT, hcxoaa H3 6jih30- 
cth KBaApaTOB CHHryji^ipHbix HHcen (g* ~g*), cxoACTBa (J)opMbi neBbix CHHry- 
jiHpHbTx BeKTOpOB (u, h u ; — pHC. 1, A) h xapaKTepa CKaTTep-AnarpaMM nap jie- 
Bbix CHHryjiHpHbix BeKTOpOB. CKarrep-AnarpaMMa napbi BeKTOpOB o6pa3yeT 
3aMKHyTbie uHKJibi BOKpyr ueHTpa KOOpAHHaT, ecjiH 3Ta napa BeKTOpOB onncbi- 
BaeT oahh KOJieSaTejibHbiii npouecc (pHC. 1, E). Flo coScTBeHHbiM TpoiiKaM 
CTpOflT MaTpHUbi (Y 2 = G, XU, X v}). EcjiH TpOHKH SblJIH crpynnHpOBaHbi (Ha- 
npHMep, / h j), to cooTBeTCTByioiune hm MaTpHUbi CKJiaAbiBaiOT (Y^ = Y, + Y ; ). 
B pe3yjibTaTe H3 r coScTBeHHbix TpoeK CHHryji^pHoro pa3JioaceHH5i MaTpHUbi Y 
(rue r — ee paHr) noJiynaiOT d MaTpHu (d < r), cyMMa KOTOpbix paBHa hcxoa- 
hoh MaTpHue (Y = Y\ + ... + Y fc + ... + Y rf ). 

/JnaroHajibHoe ycpeAHeHHe. Flo KaacAOH H3 noJiyneHHbix MaTpnu-cjiarae- 
MblX Y^ BOCCTaHaBJIHBaiOT COOTBeTCTByiOLUHH eMy BpeMeHHOH PHA AJIHHbl N — 
x^, Ka)KAoe 3HaneHHe KOTOporo nojiynaiOT, ycpeAH^a 3HaneHHfl Y k (y 2>J ) c paB- 
hoh cyMMOH HHAeKCOB (x 1+J _ i paBHO cpeAHeMy 3HaneHHK) Bcex y up rjvi koto- 
pbix i +y = const) (3Ta onepaura no cyra o6pa™a^ BJioaceHHio). nojiyneHHbie 
pAAbl (x^), HBJlHIOIUHeC^ He3aBHCHMbTMH COCTaBJI^IOLUHM HCXOAHOTO p^Aa, Ha- 
3biBaioT moa^mh (hx cyMMa pasHa HexoAHOMy p^Ay: x = Xi + ... + x*+... x,/). 

OnpeAeJieHHe 3HanHM0CTH BKJiaAa moam b (|>opMHpoBaHHe aHajiH3Hpye- 
moto pflAa. CooTHomeHHe KBaApaTOB CHHryji^pHbix nnceji MaTpnu Y^ npH- 
h5ito HHTepnpeTHpOBaTb KaK CooTHomeHHe AncnepcHH moa- Ecjih coScTBeH- 
Hbie TpoiiKH (HanpHMep, i h j) noABeprajiH rpynnHpOBKe, to KaK 3HaneHHe npo- 
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Phc. 1. npHMep cxo/iCTBa 4>opMti napti neBbix CHHrynapHbix BeKTOpOB (J1CB) coGctbchhhx Tpoex, 
no^neHcaiuHx rpymmpOBKe npH npOBe/jemm CCA (A) h cooTBeTCTByiomaa hm CKaTTep-anarpaMMa 
(B). B 3tom npHMepe npHBeaeHbi TpeTHH h HeTBepTbift J1CB, nojiyneHHbie npH aHanme pa^a mma- 
mhkh 3apaHceHH0CTH H. ventrosa napTCHHTaMH B. progenetica ^hhhoh N = 45 c JiaroM L = 22. 

Fig. 1. An example of a similarly-shaped pair of left singular vectors (LSV) of eigentriples subject to 
grouping during SSA (A) and the corresponding scatter plot (£)• This example shows the third and 
the fourth LSV obtained during analysis of the series of dynamics of B. progenetica parthenitae pre¬ 
valence in H. ventrosa with a length of N = 45 and a lag of L = 22. 


nopifHOHanbHoe BKJia/jy moabi b .zjHcnepcmo ncxoAHoro p^a paccMaTpHBaiOT 
cyMMy KBaApaTOB CHHryjnipHbix 3HaneHHH 3thx co6cTBeHHbix TpoeK 
(a? +G/ — Golyandina et al., 2001). 3tot «KJiaccnnecKHH» cnoco6 oifeHKH 
BKJiaAa moabi b AHcnepcHK) BpeMeHHoro pAAa npeACTaBjnieTCfl HaM He BnojiHe 
KoppeKTHbiM (Levakin et al., 2012). IIooTOMy mm onpeAejnuin BKJiaA moabi x* 
b AncnepcHK) BpeMeHHoro pjma KaK BeJinnnHy, nponopifnoHajibHyio cyM- 
Me KBaApaTOB OTKJiOHeHHH 3JieMeHTOB MaTpHifbi Y* ot cpeAHero 3HaneHH5i 
(SS. k =7l,7 .?_,yu -y)\ rae y = (LK) 1 — cpe^Hee 3HaneHHe 

3JieMeHTOB 3toh Maipnifbi — Levakin et al., 2012). ITocjie 3Toro 3HaneHHH 'SS k 
HOpMHpOBajiH (SS* = SS,k/'Z* =l SS. i ) h ynopHAOHHBanH no yObiBaHnio 3Hane- 
hhh. Ilpn onpeAeneHHH 3HannM0CTH moabi no ynopnAoneHHbiM 3HaneHHHM i! SS* 
pyKOBOACTBOBauncb CTaHAapTHbiM npn npoBeAeHnn KOMnoHeHTHoro aHajin3a 
npaBHJioM «cJioMaHHon TpocTH» («broken stick» rule — Jolliffe, 2002), noJia- 
raa KpnTepnn TyTMaHa—Kafeepa (Guttman, 1954; Kaiser, 1960) H3JinniHe jih- 
OepaubHbiM. 


MATEPHAJI H METOAHKA 

MaTepnaJiOM nocjiy^cnjin AaHHBie MHoroneTHero ce30HHoro MOHHTopHHra 
3apa>KeHHOCTH jiHTopaJibHBix mojijiiockob Hydrobia ventrosa napTeHHTaMH 
TpeMaTOA, KOTOpbin BbinojiH^uiCH b nepnoA c 1 aBrycTa 1999 r. no 30 aBrycTa 
2011 r. b Cyxon caJiMe ry6bi Myna (KaHAaJiaKuiCKHH 3ajinB Benoro Mopa) 
(66°18'43" c. m., 33°40'26" b. a0 (pnc. 2). Mojijiiockob co6npajin bo BpeMH ot- 
jiHBa npn noMomn CTaHAapTHoil rHApoOnoJiorHHecKon paMKH rniomaABio 
0.025 m 2 c 5 ToneK (no 6 paMOK c Ka^cAon) BbiOpaHHoro ynacTKa hjihctoh jihto- 
pajin. IIpoOBi npoMbiBaJin nepe3 chto c flneen 1 mm 2 h 0T6npaJin Bcex o6Hapy- 
HCeHHBIX rHApo6HH. 3THX MOJIJIIOCKOB 3aTeM BCKpbIBaJIH noA CTepeOMHKpOCKO- 
noM, npnneM perncipnpoBaJiH HaJinnne hjih OTcyTCTBne 3apa>KeHH>i n onpeAe- 
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Phc. 2. BpeMa c6opa npo6 mojijiiockob Hydrobia ventrosa b Cyxofi canMe (oTMeneHO TpeyronbHH- 

KaMH). 

Fig. 2. Sampling time of Hydrobia ventrosa snails in Sukhaya Salma (triangles). 


jifljiH bha napa3HTa. J\jik AeJien AaHHoro HCCJieAOBaHHa oGbeAHHflJiH npoGbi, 
co6paHHhie b oahh aghb co Bcex 5 Tonex nojmroHa. 06i>eM xa^KAon Taxon o6i>- 
eAHHeHHoft npoGbi cocTaBjnui 37—3199 ocoGen Hydrobia ventrosa. 

AHajiH3y (aBTOKoppejiaifHOHHOMy, CA n CCA) noABepnm BpeMeHHbie 
pa^bi 3apa)KeHH0CTn H. ventrosa napTeHHTaMH, HaH6oJiee nacTo BCTpenaio- 
mHMHCfl b paftoHe c6opa MaTepnaJia bhaob TpeMaTOA — Cryptocotyle conca- 
vum n Bunocotyle progenetica . Mapn™ nepBoro BHAa napa3 ht npy k>t b nra- 
uax (npeHMymecTBeHHO b nanxax), cBjmHHbix Tpo^nnecxn c MOpcxnM noGe- 
pe^cbeM. Pojib BToporo npoMeacyronHoro xo3«HHa a^ C concavum nrpaiOT 
MHorae BHAbi npnGpemibix pbi6. 3Kn3HeHHbiH uhxji B. progenetica MOHOxceH- 
Hbiii, b peAHax, napa3HTHpyiomHx b rnApoGnax, npoxoAHT Becb Mop4)oreHe3 
ocoGen repMa(J)poAHTHoro noxoJieHHJi BnnoTb ao 3peJibix, npoAyunpyiomHx 
anija, MapHT. Jl HcnepcM jihii, 3Toro BHAa ocymecTBjiaeTca nocne rnGejin moji- 
JIK)CKa-X03iIHHa. 

np H npoBeAeHHH cneKTpajibHoro aHaJiH3a (Oypxe) Harpy3xn nepnoAorpaM- 
Mbi (w) Bbipa^xann b npoueHTax. PaccHHTaHHbie no MaTepnanaM MOHHTOpHHra 
3HaHeHHfl 3KCTeHCHBHOCTH HHBa3HH rnApoGnn napTeHHTaMH C. concavum H 
B progenetica, pacnoJioaceHHbie b nopAAKe b3jithji npo6, (JjopMnpoBann aHa- 
jiH3npyeMbie BpeMeHHbie pAAbi 3apa^ceHHoc™. ,ZJoBepHTejibHbie HHTepBanbi 
AOJien paccHHTbiBajin no tohhoh (J)opMyne Onrnepa ()Khbotobcxhh, 1991; So- 
kal, Rohlfi, 1995). Bee AOBepnTeJibHbie HHTepBaJibi npnBeAeHbi rjiz 95%-Horo 
ypOBHH 3HaHHMOCTH. 

Jinn cpaBHeHHH pe3yjibTaTOB CCA n cneKTpajibHoro aHajin3a conocTaBjnuiH 
3HaneHHa K03(J)(J)HIJHeHT0B KOppeJIilUHH CyMM BblAeJieHHbIX 3THMH MeTOAaMH 
KOMnOHeHT BpeMeHHbIX PAAOB C HCXOAHbIMH BpeMeHHbIMH p^AaMH. 

riocKOJibKy cHHryjinpHbiH cneKTpaJibHbin aHaJiH3 oxcyTCTBOBaji b AocTyn- 
Hbix cTaTHCTnnecKHx naxeTax, oh Gbin caMocTOflTejibHo peann30BaH H. A. Jle- 
BaKHHbiM b BHAe VBA (Visual Basic for Application) Maxpoca MS Excel. FfpH 
npoBeAGHnn aBTOxoppejnmHOHHoro n cneKTpajibHoro aHajiH3a Hcnojib30Bajin 
naxeT Statistica 7.0. 


PE3YJIbTATW 

ABTOKoppeAJUfnoHHbiH aHajiH3 AHHaMHKH 3apa>xeHH0CTH H. ventrosa nap- 
TeHHTaMH C. concavum n B. progenetica He BbiuBHJi xaxHx-jinGo AocTOBepHbix 
aBTOKoppejiaunn. BMecTe c TeM GbiJia oGHapyaceHa cjiaGaa xpoccxoppejnmHJi 
(r = -0.39, P < 0.05, Jiar — 4) MeacAy 3 thmh p^aamh 3apa>xeHHOCTH npH cabh- 
re nepBoro p^Aa oraocHTeJibHo BToporo Ha 4 no3HUHH. 

CCA pa3Jio^cHJi p^Abi 3apaaceHH0CTH H . ventrosa napTeHHTaMH C. conca¬ 
vum h B. progenetica Ha 16 moa (pnc. 3). ,ZjHHaMHxa 3apa>xeHH0CTH napTeHHTa- 
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Phc. 3. Bioia# mojj CCA b ^Hcnepcwio hcxo^hwx pa/joB (SS*) flHHaMHKH 3apa)KeHHOCTH H. ventro¬ 
sa napTCHHTaMH C. concavum (A) w B. progenetica (E). 

IlyHKTHpoM o6o3HaHeHti KpHTHHecKHe 3HaneHHH comacHO npaBHJiy «cjiOMaHHOH Tpocra» (IICT) m npaBHJiy 
TyTMaHa—Kafoepa (nrK). 3Be3/j0HK0H OTMeneHBi mo^bi, nojiyHeHHBie rpymmpoBKOH co6cTBeHHBix Tpoex. 
riepBan Mona cooTBeTCTByeT TpeH/jy BpeMeHHoro pa/ja. IIo och a6cijHcc — HOMepa mo a CCA, no ocn opnn- 

HaT-/JOJIfl o6BBCHeHHOH ^ncnepcHH, 

Fig. 3. Contribution of SSA modes to the dispersion of initial series (SS*) of the dynamics of C. con¬ 
cavum (A) and B. progenetica (E) parthenitae prevalence in H. ventrosa . 

mh C. concavum co^epacajia tojibko 2 cocTaBJBnomne, 3HaHHMbie no npaBHJiy 
«cjioMaHHoii TpocTH». TpeH£ H3MeHeHra 3apa)iceHHocTH K ventrosa napTeHH- 
TaMH C. concavum He 6biJi BbipaaceH (pnc. 3 9 A; 4, A). /jHHaMHKa 3apa»ceHHo- 
cth H. ventrosa napTeHHTaMH B . progenetica co^ep^ajia 3 cocTaBJBnomHe, 
3HanHMbie no npaBHJiy «cjiOMaHHOH tpocth» (pHC. 3, £), BKjnonaH TpeH# 
(pHc. 4, A — B ). 

Tlpn npoBeaeHHH cneKTpaJibHoro aHaJinaa (CA) BpeMeHHbix paaoB 3apa- 
5KeHHOCTH H\ ventrosa napTeHHTaMH C. concavum h B. progenetica , nepBbie 
(HyjieBbie #jifl o6ohx pfl£OB) 3HaneHH^ 6biJin oTGpomeHbi jyifl .nocTHHceHHfl neT- 
hoto HHCJia Ha6jHo^eHHH (44). nepHo/jorpaMMbi p*moB 3apa>*ceHHocTH rn^po- 
6 hh napTeHHTaMH ^Byx aHaJiH3npyeMbix bh^ob OTjmnajiHCb (pnc. 5). JIjih p^a 
3apa>KeHHOCTH H. ventrosa napTeHHTaMH C. concavum Han6ojiee xapaKTepHbi 
6biJin 2 KOJie6aHHa: nepBOMy H3 hhx cooTBeTCTBOBajiH rapMOHHKH c nepnoaoM 
b 2.4 h 2.6 HaSjnoAeHHH (w 2 . 4 + w 2<6 = 24.2 %), a BTOpOMy — rapMOHHKa c ne- 
pHo^oM KOJieGaHHH b 8.8 HaGjno^eHHH (w g .g = 23.5 % — pnc. 6, A). TTpHcyrcT- 
BOBajio Taioice KOJieGaHHe, KOTopoMy cooTBeTCTBOBajiH rapMOHHKH c nepno^OM 
b 2.9 h 3.1 Ha6jno£eHHfl (w 29 + w 3A = 10.6 % — pnc. 6, B ). J\im pa/ja 3apa>*ceH- 
hocth H. ventrosa napTeHHTaMH B. progenetica Han6ojiee xapaKTepHO 6biJio 
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Pnc. 4. Moflbi CCA flHHaMHKH 3 apa>KCHH 0 CTH H . ventrosa napTeHHTaMH C. concavum h B. progene- 
tica , 3HanHMbie no npaBHJiy «cnoMaHHOH TpocTH». 

B cKo6Kax npuse/jeH HOMep mo/jw CCA (noflCHeHHH b TeKCTe). no ock a6cijHcc — BpeMa, no och op^HHaT — 
3apanceHH0CTb (A) h n3MeHeHioi 3apa>KeH hocth (E, B). 

Fig. 4. SSA modes of dynamics of C. concavum and B. progenetica parthenitae prevalence in 
H. ventrosa snails significant according to the «broken stick» rule. 


K0Jie6aHHe c nepno^oM b 44 HaG-mo^emm (w = 36.4 %) h KOJieSaHHe, kotopo- 
My cooTBeTCTBOBajiH rapMOHHKH c nepno^OM b 7.3 h 8.8 ( 1 ^ 7.3 + w 8 . 8 = 21.7 %) 
Ha6jno,aeHHH (pnc. 6, E ). IIpHcyTCTBOBaJio Taioice K0Jie6aHHe c nepwo^OM b 
3.1 Ha6jiK>£eHHfl (w 31 = 8.8 % — pnc. 6, 5). 

«HH3KOHacTOTHbie» cocTaBJi^ioinHe pa^a 3apa)KeHH0CTH H . ventrosa napTe¬ 
HHTaMH C. concavum , BbmejieHHbie CCA (pnc. 4, B) h CA (pnc. 6, A\ Kop- 
pejinpoBajiH McyKjxy co6oh (r = 0.87, P 0.01). To ace cnpaBe^jiHBo h jxsm 
«HH3KOHacTOTHbix» cocTaBjnnomHx pajja 3apa5KeHH0CTH EL ventrosa napTeHH¬ 
TaMH B. progenetica (r = 0.68, P << 0.01). IlpH otom «HH3KonacTOTHbie» Mo,zfbi 
CCA p*moB 3apa>KeHHOCTH H. ventrosa napTeHHTaMH C. concavum h B. proge¬ 
netica TaioKe KoppeJinpoBaJiH Meac/fy co6oh (r = -0.52, P < 0.01). «HH3Konac- 
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Phc. 5. IlepHoaorpaMMbi cneiapajibHoro aHajiH3a (Oypbe) ^HHaMHKH 3apaaceHHOCTH H. ventrosa 

napTeHHTaMH asyx bh^ob TpeMaTOfl. 

Ilo och a6cmicc — nepnoAbi rapMOHinc, no ocn opfliraaT — Harpy3Ka (w), BBipaaceimaH b %. 

Fig. 5. Periodogram of Fourier spectrum analysis of the dynamics of prevalence of C. concavum and 
B. progenetica parthenitae in H. ventrosa snails. 

TOTHbie» rapMOHHKH, BbiAejifleMbie CA rjik pa^OB 3apa>KeHHOCTH H. ventrosa 
napTeHHTaMH C. concavum h B. progenetica , He KoppeJinpoBajiH (r = — 0.07, 
P > 0.05). 

«BbicoKonacTOTHbie» cocTaBjunomne pa^a 3apa>KeHHOCTH H. ventrosa nap¬ 
TeHHTaMH C. concavum , Bbi^ejieHHbie CCA (pnc. 4, E) h CA (pnc. 6 , A), Koppe- 
nnpoBajiH MQyKjiy co6oh (r = 0.91, P 0.01). «BbicoKonacTOTHbie» cocTaBJifl- 
lOLUHe paaa 3apa^ceHHOCTH H\ ventrosa napTeHHTaMH B. progenetica , BbmeneH- 
Hbie CCA (pnc. 4, 5) h CA (pnc. 6 , 5), Taioice KoppeJinpoBajiH MtyKjxy co6oh 
(r = 0.78, P << 0.01). «BbicoKonacTOTHbie» cocTaBjnnomHe p5moB 3apa>KeHH0- 
cth H. ventrosa napTeHHTaMH C. concavum h B. progenetica He KoppejinpoBa- 
jih BHe 3aBHCHM0CTH ot BH^a aHajiH3a. 

TpeH# CCA (pnc. 4, A) h rapMOHHKa CA c nepno^oM 44 (pnc. 6 , B) npaKTH- 
necKH cosna^ajiH no (J)opMe j\j\k pa^a 3apa^ceHHOCTH H. ventrosa napTeHHTaMH 
B. progenetica (r = 0.97, P 0.01). 

CyMMa nepBbix Tpex mo^ CCA (TpeH^ h ^Be 3 HanHMbie no npaBHJiy «cjio- 
MaHHOH TpocTH» mo^bi) BpeMeHHoro pa^a 3apa>KeHH0CTH H. ventrosa napTeHH¬ 
TaMH C. concavum aocTOBepHO (p <SC 0.01) KoppejinpoBana (r = 0.73, r s = 0.7) 
c HCxo^HbiM pfl^oM (pnc. 7, A ). CyMMa niiTH HanOojiee BbipaaceHHbix rapMOHHK 
3 Toro pa/ja, BbiaeneHHbix CA (c nepno^aMH b 2.4, 2.6, 8 . 8 , 2.9 h 3.1 Ha 6 jnofle- 
hhh — pnc. 5), Tax^ce ^ocTOBepHO (P<0.01) KoppejinpoBajia (r=0.57, 
r$— 0.52) c HCxo^HbiM pa^OM (pnc. 7, A). CyMMa Bcex rapMOHHK CA ^octo- 
BepHO (P 0.01) KoppejinpoBajia c hcxo^hbim pa^OM (r- 0.84, r$ = 0.83), ho 
HecKOJibKO OTJiHnaJiacb ot Hero no (J)opMe. 

CyMMa nepBbix Tpex mor CCA ( 3 HanHMbix no npaBHJiy «cjioMaHHOH Tpoc- 
th») BpeMeHHoro pa,aa 3 apa>KeHHOCTH H. ventrosa napTeHHTaMH B. progenetica 
^ocTOBepHo (P <?C 0.01) KoppejinpoBajia (r= 0.83, r s = 0.77) c hcxootmm pa- 
rom (pnc. 7, E). CyMMa neTbipex Han 6 onee Bbipa^ceHHbix rapMOHHK 3Toro 
pa^a, BbiaeneHHbix CA (c nepno^aMH b 44, 7.3, 8.8 h 3.1 Ha 6 jno^eHHH — 
pnc. 5), TaioKe aocTOBepHo (P << 0.01) KoppennpoBajia (r = 0.7, r s = 0.68) c hc- 
xo^HbiM p^moM (pnc. 7, E). CyMMa Bcex rapMOHHK CA ^ocTOBepHo (P <SC 0 . 01 ) 
KoppejinpoBajia c hcxoahmm pa^OM (r = 0.74, r s = 0.66), ho HecKOJibKO otjih- 
najiacb ot Hero no (J)opMe. 


30 






% 

3 

2 

1 

0 

-1 

-2 

-3 


24.2 % 
23.5 % 



36.4 % 



oo^h ^nrvicNc^m'^-'^-»n»nvo'or^-r^-ooooo>o>oo—< 

op pop p o p p p p p p p p p p p p p p p p p p p 

cn od <n oo oi od rvi od <n od <n od <nI od< n od <n od oioo <n od oi od c4 od 

oo ooo ooooooooooooooooooooo 


oo ooo ooooooooooooooooooooo 


Phc. 6. TapMOHHKH, Bbi^ejieHHbie cneKTpajibHbiM aHanH30M (Oypbe) H3 pm^ob 3apa>KeHH0CTH 
H. ventrosa napTeHHTaMH C. concavum (A) h B. progenetica ( B ), KOTOpbiM cooTBeTCTBOBajin Han~ 
6onbniHe 3HaneHHJi Harpy30K (noacHeHHfl b tckctc). 

TIo och aSciprcc — BpeMH, no och op/umaT — H3MeHeHHH 3apa>fceHH0CTH, 

Fig. 6. Harmonics, extracted with the help of Fourier spectrum analysis from the series of C. conca¬ 
vum (A) and B. progenetica ( E) parthenitae prevalence in H. ventrosa, to which the maximum values 

of the load corresponded. 


OECY^EHHE 

ABTOKoppejiaipioHHbiH aHanH3 OKa3ancfl 6ecnojie3eH npn BbmBJieHHH 
CTpyKTypbi BpeMeHHbix pn^OB 3apa^ceHHOcra mojijiiockob H. ventrosa napTe- 
HHTaMH TpeMaTO^. B to >Ke Bpeivni npHMeHeHHe CHHryjuipHoro cneKTpajibHoro 
aHajiH3a h cneKTpajibHoro aHajiH3a, ocHOBaHHoro Ha ^HCKpeTHOM npeo6pa30- 
BaHHH Oypbe, II03B0JIHJI0 BblflBHTb B Ka^CAOM BpeMeHHOM p^Ay HeCKOJIbKO He- 
3aBHCHMbIX COCTaBJIHIOLLlHX (pHC. 4; 6). Ba^CHO 3aMeTHTb, HTO, HeCMOTpH Ha 
pa3JiHHHH MaTeMaTHnecKoro annapaTa (cHHryjmpHoe pa3Jio^ceHHe MaTpuij h 
AHCK peTHoe npeo6pa30BaHHe Oypbe), a Taioice npeAnocbiJiOK, jie^camHx b 
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Phc. 7. Hcxo^Htie pa^bi 3 kctghchbhocth HHBa3HH (3H) H. ventrosa napTeHHTaMH C. concavum (A) 
h B. progenetica (E) h hx peKOHCTpyiajHH Ha ocHOBe 3HanHMbix no npaBHJiy «cn0MaHH0H tpocth» 
KOMnOHCHT cHHrynapHOro cneiopajibHOro aHajiH3a (CCA) h Handonee 3HaunMbix rapMOHHK, Bbme- 

naeMbix cneicrpajibHbiM aHanH 30 M (CA). 

AoBepnTein.HLie HHTepBairBi 3H npnBe/jeHLi /jjih 95%-ro ypoBHH sHaBHMocTH. ^jih peKOHCTpynpoBamnjx pa/ioB 
(CCA h CA) yica3aHLi Koo^mineHTLj Koppemnnm c hcxo^hhmh pji/jaMH (noHCHemra b TeKCTe). IIo ocn a6c- 
uyicc — BpeMH, no ocn op/jmiaT — H3MeHeHHH 3apa3KeHH0CTH. 

Fig. 7. Initial series of prevalence of infection (PI) of C. concavum (A) and B. progenetica (B) in 
H. ventrosa snails and their reconstruction on the basis of SSA components signification according 
to the «broken stick» rule and on the basis of the most significant harmonics extracted by SSA. 


OCHOBe 3THX ^ByX MeTO^OB, HX HCIIOJIh30BaHHe npHBeJIO K CXOOTbIM pe3yJIbTa- 
TaM — Bbi^eJiHJio cxo^Hbie cocTaBJunomHe. He3aBHCHMoe BbmeJieHHe cxo^- 
HblX COCTaBJIflIOIIJHX npH aHaJIH3e BpeMeHHbIX p^OB pa3HbIMH MeTO^aMH CBH- 
^eTejibCTByeT b nojib3y peanbHOCTH cymecTBOBaHHH othx cocTaBjnitomHx. 

Hecji03KHO 3aMeTHTb, hto cocTaBJi^K>mHe, Bbi^ejieHHbie CCA, Jiynrne onH- 
CbiBaiOT aHanH3HpyeMbie pa^bi, neM cocTaBjmiomHe, Bbi^eneHHbie CA (pnc. 7). 
B TO BpeMH KaK 6oJlbIHHHCTBO 3HaneHHH peKOHCTpyHpOBaHHOTO no MO^aM 
CCA pnjxa Haxo^HTCfl b npe^enax jjOBepHTeJibHbix HHTepBaiiOB hcxo^hbix 3Ha- 
neHHH 3apa3KeHHOCTH, peKOHCTpynpoBaHHbiH no rapMOHHKaM CA p kj\ CMemeH 
oTHocHTeJibHo Hcxo,zjHoro pajja (pnc. 7). 3 to 3aKOHOMepHbiH pe3ynbTaT, no- 
cKOJibKy cyMMa Bcex mojx CCA no onpe^eneHHio coBna/jaeT c hcxootmm pa- 
^om, b to BpeMfl Kax nepe,a npoBe^eHHeM CA H3 aHajiH3HpyeMoro pn^a bbihh- 
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TaiOT cpe^Hee 3HaneHHe, CMemaa p m (b HaiueM cjiynae bhh3 — pnc. 7). 3Hann- 
TejibHO 6onee BamibiM npeacTaBjiaeTCfl to, hto peKOHCTpynpOBaHHbiH no 
MO^,aM CCA pm 6onee CKOppeunpOBaH c hcxootmm pjmoM, neM pjm, peKOHCT- 
pynpOBaHHbin no rapMOHHKaM CA. Hhbimh cuosaMH, mozu>i CCA jiynine OTpa- 
)KaK)T (J)opMy ncxo^Horo pm&, neM rapMOHHKH CA. 3tot pe3yjibTaT TaK^ce 
npe^CTaBJiaeTca 3aKOHOMepHbiM no pmy npHHHH. 

Bo-nepBbix, nepe# npOBe^eHneM CA BpeMeHHon pa# npHBO^HTca k CTan,n- 
OHapHOMy Bn^y n npn BbinojiHeHnn otoh onepaunn ncKa^ceHne <J)opMbi ncxo^- 
hoto pm& npaKTnnecKn Hen36eacHO. B nacTHOCTH, nepea npose^eHneM CA H3 
BpeMeHHoro pm& y^ajifliOT TpeH^n, b to BpeMfl KaK KOppeKTHoe Bbi^eneHne 
TpeH^a npe^CTaBJiaeT co6on aocraTOHHO cuoacHyio 3a,zjaHy. O^HaKO oto mo^c- 
ho cnnTaTb TexHnnecKon cho^choctbio, pemeHne KOTOpon cbo^htca k aKKy- 
paTHOMy Bbi^ejieHnio TpeH^a. BTOpaa npHHHHa hocht 4>yH^aMeHTajibHbin xa- 
paKTep: CA npe^CTaBJi^eT mo6oe KOJieGaHne b BH,zje cyMMbi rapMOHnnecKnx 
KOJieGaHnn BHe 3aBncnMOCTH ot xapaKTepa hcxo^hoto KOJieGaHna. BMecTe c 
TeM KOJieGaTejibHbie npomeccbi b GnojioniHecKHx cncTeMax pe^KO hocat xa- 
paKTep npaBnjibHbix rapMOHHK. B OTJinnne ot CA CCA cnocoGeH OTpa3nTb 
oco6eHHOCTn KOJieGaHnn b BbmejmeMbix MO^ax. HanpnMep, c poctom 3apa- 
aceHHOCTn K ventrosa napTeHHTaMH B. progenetica yBejiHHHBaeTca n aMnnn- 
Ty^a KOJie6aHnn 3apa^ceHHOCTH (pnc. 7, E). Bbi^eimeMbie CA rapMOHHKH He 
OTpaacaiOT H3MeHeHna aMnjiHTyzubi KOJieGaHnn co BpeMeHeM (pnc. 6, A , 5), b to 
BpeMfl KaK BbiAeneHHbie CCA mo ah OTpa^caiOT oth H3MeHeHna (pnc. 4, E , B ). 
Cne^yeT OTMeTHTb, hto rapMOHHKH CA ABjnnoTCfl aGcTpaKTHbiMH BejinnnHa- 
mh, H3MeHeHHfl KOTOpbix OTpaacaiOT H3MeHeHH^ aHajiH3npyeMoro pm&- B to 
ace BpeM^i moah CCA BbipancaiOTCH b Tex tkq eAHHHijax, hto n hcxoahhh pm, 
hto oSjiernaeT HHTepnpeTauHK) pe3yjibTaTOB aHanroa. 

Ilpn HHTepnpeTaniHH nojiyneHHbix pe3yjibTaTOB HeoGxoAHMO ynnTbmaTb to 
o6cTO«TenbCTBO, hto cocTaBJunomne BpeMeHHbix p^aob Bbi^eji^iOTC^ ncnojib- 

30 BaHHbIMH MeTO^aMH (CCA H CA) <})OpMaJIbHO- no COOTBeTCTBHK) HeKOTO- 

pbiM KpHTepHHM, 3ajioaceHHbiM b MaTeMaTHnecKHH annapaT MeTO^a (HanpnMep, 
jieacaiijHe b ocHOBe moa CCA coGcTBeHHbie Tpoincn aoji^chh cooTBeTCTBOBaTb 
ycjiOBHHM cnHryjiHpHoro pa3JiOHceHH5i). Bcjie^CTBne ototo OAHOMy 6nonornHe- 
CKOMy npoueccy MO^ceT cooTBeTCTBOBaTb HecKOJibKO cocTaBrnnoianx Bpe¬ 
MeHHoro pw, Bbi^ejiaeMbix CCA hjih CA. C Apyron CTOpOHbi, o6a othx MeTO- 
Aa He MoryT rapaHTHpOBaTb, hto Bbi^ejieHHaa hmh cocTaBJunomaa BpeMeHHoro 
pm& He 6y^eT HBjnrrbCfl pe3yjibTaTOM B3aHMO^eScTBH^ HecKOJibKHx He3aBHCH- 
mwx npoueccoB. Ilocjie^Hee 3aMenaHHe MoaceT 6biJib ocoGeHHO aKTyajibHO npn 
HHTepnpeTauHH pe3yjibTaTOB aHanraa kopotkhx p^aob, nocKOJibKy pa3pemaK> 
maa cnoco6HOCTb CCA h CA b otom cjiynae CHH)KaeTCfl. B cjiynae CCA penb 
H^eT O CHH)KeHHH aCHMnTOTHHeCKOH pa3^eJIHMOCTH COCTaBJHHOmHX, OnHCblBa- 
eMbix pa3JiHHHbiMH 3aKOHOMepHOCT«MH (no,ziipo6Hee cm.: Golyandina etal., 
2001). B cjiynae CA cymecTByioma^ nepHO^HHHOCTb MoaceT pacnpe^ejiHTbc^ 
Meac^y coce^HHMH rapMOHHKaMH, hto npHBe^eT He TOJibKO k craa^cHBaHHio 
nepHO^OrpaMMbl, HO H CHH3HT TOHHOCTb BbIHHCJieHHH K03(J)(J)HUHeHT0B, HBMK)- 
lu,hxch pe3ynbTaTOM CA (no otoh npHHHHe o6bihho He peKOMeH^yiOT Hcnojib- 
30BaTb CA aHajiH3a kopotkhx p^ob). HecMOTpa Ha to hto nepno^ Harnnx 
Ha6mo^eHHH oxBaTbiBaeT 10 jieT, aHanH3HpyeMbie pmbi 3apa^eHHOCTH H, ven¬ 
trosa napTeHHTaMH TpeMaToa coctoot Bcero H3 45 3HaneHHH, h 3aMenaHHe ot- 
HOCHTejibHO CHH^ceHra pa3pemaK)meii choco6hocth CCA h CA npn aHajiroe 
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KOpOTKHX pflAOB OTHOCHTCH K HUM B nOJIHOH Mepe. TaK, BCJie^CTBHe MaJIOH 
AJiHHbi pa^a nonoBHHa BbiAeuaeMbix CA KOJieGaHHH OKa3biBaeTCn «pa3Ma3aHa» 
no coce^HHM rapMOHHKaM (pHC. 5). 

B OTJinnne ot CA, He no3BOJiHiomero cy^HTb o TpeHAOBbix cocTaBjnnomnx 
BpeMeHHoro pAAa, CCA no3BOJiaeT yTBepHCAaTb, hto 3apaaceHHOCTb H. ventro¬ 
sa napTeHHTaMH C. concavwn He npeTepneBana 3HannMbix AOJiroBpeMeHHbix 
H3MeHeHHH (pHC. 4, A ), o6Hapy>KHBafl jihuib HeKOTOpyio TeH^eHumo k CHH^ce- 
hhk) (BKJia^ TpeH^a b ^HcnepCHio BpeMeHHoro pa^a He npeBbiman 3.8 % — 
pnc. 3, A). Cne^yeT OTMeTHTb, hto otot bbiboa Hejib3ii c^enaTb, paccMaTpn- 
Baa H3MeHeHHH cpe^Hero^OBOH 3apaaceHHOCTH thapoGhh othm napa3HTOM, no- 
CKOJibKy OHa 3HanHTejibHO BapbHpOBana b nepHOA HaGjnoAeHHH ot 1.9 
(2009 r.) ao 6.8 % (2002 r.) (pnc. 7, A). B to ace BpeMJi oh BnojiHe cootbotct- 
ByeT peanbHoft CHTyaijHH, KOTOpaa Ha npOTiDKeHHH nepHOAa HCCJieAOBaHHH 
6bma AOCTaTOHHO CTaGnjibHOH ajih TpaHCMHCCHH C. concavum (Levakin et al., 
2012). 3apa)KeHHOCTb H. ventrosa napTeHHTaMH B. progenetica 3HannMO H3Me- 
HHJiacb b nepnoA npOBeAOHHH HaSmoAeHHH (pnc. 4, A ), oSbhchihi non™ neT- 
BepTb AHcnepcnn BpeMeHHoro p^Aa (pnc. 3, E). JIioGonbirao, hto KynojiooG- 
pa3Haa (J)opMa TpeHAa 3apaaceHHOCTH H. ventrosa napTeHHTaMH B. progenetica 
no3BOJinjia CA HHTepnpeTnpOBaTb ero KaK rapMOHnnecKoe KOJieGaHne, nen ne- 
pnoA coBnaAaeT c nepnoAOM npOBeAOHHJi HaGmoAeHnn (pnc. 6, E). Ha HacTOfl- 
meM 3Tane nccjieAOBaHna mbi He b coctohhhh OAH03HanHO TpaKTOBaTb bmhb- 
neHHbin TpeHA b AHHaMHKe 3apaaceHHOCTH raApo6nn bhaom B. progenetica. 
Mohcho TOJibKO OTMeTHTb, hto oh HanoMHHaeT xapaKTep npOTeKaHHH ocTpon 
onnACMHH BHpycHon hjih SaKTepnaubHOH npnpOAM (Swinton et al., 2002), a 
TaiGKe AHHaMHKy 3apaaceHHOCTH naToreHHbiM MaKponapa3HTOM nonyjiHunn 
^chbothmx c uHKJinnecKOH AHHaMHKOH HHCJieHHOCTH (Tomkins et al., 2002). 
yHHTbiBan, hto B. progenetica — oto JieTajibHbiH rjix thapoGhh napa3HT c mo- 
HOKceHHbiM ^CH3HeHHbiM uhkjiom (JleBaKHH, 2004, 2005, 2008), TaKoe coBna- 
AeHne BpHA jih MoaceT 6biTb cuynaHHbiM. 

H30Jinp0BaTb ce30HHyio cocTaBJimomyio BpeMeHHbix paaob 3apa>KeHHOCTH 
H. ventrosa napTeHHTaMH TpeMaTOA ot cjiynaHHbix H3MeHeHHH 3apa>KeHHOCTH 
(rnyMa) He npeACTaBJiaeTca bo3mo5Khbim, nocKOJibKy rji HHa p^a Majia 
(. N=45 ), a cxeMa B3HTHH npo6 (pnc. 2) CKOpee cooTBeTCTByeT BpeMeHHOMy 
pflAy c nponycKaMH, neM BpeMeHHOMy pflAy c OTKJiOHeHHHMH ot peryinipHoro 
npOBeAeHHH HaGjnoAeHnn. HHTepBanbi ueyKjiy Ha6jnoAeHHHMH 3HanHTejibHO 
BapbHpyiOT (ot 25 ao 293 AHen), h b pa3Hbie toah coSnpajiocb pa3Hoe (ot 2 ao 
5) KOJinnecTBO npo6 (pnc. 2). Bepojrraee Bcero, ce30HHaa cocTaBjniK)iii,aJi (cMe- 

UiaHHaH C UiyMOM) COAOpflCHTCfl B «BbICOKOHaCTOTHbIX» COCTaBJIHIOLAHX Bpe¬ 
MeHHbix paaob 3apaaceHHOCTH thapoGhh napTeHHTaMH TpeMaTOA (pnc. 4, E\ 6, 
A, B). B nonb3y HajiHHHH peryuapHOH KOMnoHeHTbi b otoh cocTaBJimomeS ro- 
BOpHT Hpe3BbinaHHOe CXOACTBO BbICOKOHaCTOTHbIX COCTaBJHHOmHX, BblAeJIHe- 
Mbix pa3HbiMH MeTOA^MH aHajiH3a — rnyMbi b pa3Hbix bhabx aHanraa (CCA h 
CA) KOM6HHHpOBajiHCb 6bi b pa3Hbie no (J)opMe cocTaBJimomHe. 

«HH3KonacTOTHbie» cocTaBJunomne BpeMeHHbix phaob 3apa>iceHHOCTH, 
no-BHAHMOMy, 3HanHTejibHO Jiynine H30JiHpOBaHbi ot rnyMa (pnc. 4, B\ 6, A , E ). 
Bo3mo)kho, 3th KOJieGaHHH 3apaaceHHOCTH MoryT 6biTb CBH3aHbi c nonyjniaH- 
OHHOH AHHaMHKOH X03HHHa. KoCBeHHO B nonb3y TaKOTO npeAnOJIOflCeHHH MO- 
HceT roBOpHTb coBnaAeHHe nepHOAa othx KOJie6aHHH c npOAOJDKHTejibHOCTbio 
5KH3HH X03HHHa (2-3 TOA^, OTAOJIbHbie OCo6h AO)KHBaiOT ao 4 JieT — Top6y- 
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iiihh, 2000). KpOMe Toro, MaKCHMyMbi 3thx cocTaBJifliomHx a™ B. progenetica 
h C. concciviim OTCTaiOT Apyr ot Apyra npHMepHO Ha toa (pnc. 4, B\ 6, A, E ). 
rioAo6Hoe «3ana3AHBaHHe» pocTa 3apaaceHHOCTH C. concavwn othochtcjibho 
B. progenetica xoporno cornacyeTca c B03pacTH0H CTpyKTypoft 3apaaceHHOCTH 
thapo6hh napTCHHTaMH 3thx TpeMaTOA- riapTeHHTbi B. progenetica 3apaacaiOT 
b nepByio onepeAb rHApo6nH nepBoro roAa 5KH3HH, a MaKCHMajibHan 3apa^ceH- 
HOCTb napTCHHTaMH C. concavum Ha6jiK)AaeTCfl y rHApo6nn BTOporo roAa 
>kh3hh. 3to CBjmHO c tcm, hto HHBa3H^ napTCHHTaMH B. progenetica B OTJIH- 
HHe ot HHBa3HH C. concavum 3HanHTejibHO CHH^caeT )KH3Hecnoco6HOCTb 3apa- 
5KeHHOTO X03HHHa H COOTBCTCTBCHHO pe3KO yMCHblliaeT IIiaHCbl 3apa^CeHHOH 

oco6h AO>KHTb ao cneAyioiAero roAa (JleBaKHH, 2004, 2005, 2008). 
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A CASE STUDY OF SINGULAR SPECTRUM ANALYSIS APPLICATION 
IN PARASITOLOGY: DYNAMICS OF PREVALENCE OF CRYPTOCOTYLE 
CONCAVUM AND BUNOCOTYLE PROGENETICA TREMATODE PARTHENITAE 
IN HYDROBIA VENTROSA SNAILS AT THE WHITE SEA 

I. A. Levakin, N. E. Nikolaev, K. V. Galaktionov 

Key words : singular spectrum analysis, auto-correlation analysis, Fourier spectrum analy¬ 
sis, parasitological monitoring, time series, trematodes, parthenitae, molluscan host, pre¬ 
valence. 


SUMMARY 

In this study parasitological data were analyzed by different methods of revealing the 
structure of time series, namely, auto-correlation analysis (ACA), Fourier spectrum analy¬ 
sis (SA) and singular spectrum analysis (SSA), and the results of these analysis were com¬ 
pared (SSA makes it possible to present non-stationary time series as a sum of independent 
components and to determine the contribution of each component into the dispersion of the 
initial series — Golyandina et al., 2001). This case study was based on the result of 
10-year-long monitoring of changes in the prevalence of Cryptocotyle concavum and Bu- 
nocotyle progenetica trematode parthenitae in intertidal snails Hydrobia ventrosa at the 
White Sea (in total, 45 observations). ACA did not reveal any statistically significant os- 
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cillations in the analyzed series. The application of SSA and SA allowed us to reveal at le¬ 
ast two quasi-periodical components. In addition, SSA made it possible to reveal a signifi¬ 
cant dome-shaped trend in the prevalence of B. progenetica parthenitae, which were desc¬ 
ribed by SA as an oscillation with a period equal to the duration of the study, as well as to 
give proof that there was no trend in the changes of C. concavum parthenitae prevalence. 
The components (modes) extracted by the SSA described the changes in the prevalence 
better that the harmonics extracted by the SA. In particular, SSA modes (contrary to SA 
harmonics) reflected that the amplitude of oscillations of the B. progenetica prevalence in¬ 
creased as the prevalence grew. The sums of SSA modes correlated more with initial pre¬ 
valence series that the sums of SA harmonics. A possible interpretation of the trends and 
modes extracted by the SSA in the light of the transmission features of the investigated tre- 
matode species in the study area was proposed. 
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